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(54) Process for the production of substituted 34iydroxypipeiidines 

(57) The present invention concerns a process for 
the preparation of a compound of formula 1 or a salt 
thereof 



A 

I, 




< 

CO 

© 

Q. 

HI 



characterised in that the process comprises 
a) hydroboration of a compound of formula 2 



in which formulae A is arylene; R 1 is -C^R 3 R 4 R 5 ; R 2 
is -O-alkyi, -OcycJoalKyl, -O-alkenyl, -Oaryl, -O- 
aralkyl, OaraBooxyalkyl, -Oalkyteurtonyi, Oaryl- 
suJfonyl, chlorine, bromine or iodine; Rr is hydro- 
gen; ft 4 is eryl; R 5 is alkyl, cydoalkyl, aryl, 
altaxyaikyl or hydraxyalkyt; and wherein C* is an 
asymmetric carbon atom; 

b) optionally followed by isolation of the desired 
stereoisomer 
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Description 

[0001 ] The invention relates to a novel process for the preparation of substituted piperidinee. More particularly the 
invention relates to the preparation of compounds of the formula 1 



10 



75 




20 

and salts thereof, wherein 
A is arylene; 
25 R 1 Js-C'tftfR 5 : 

R 2 is -O-alkyi, -Ocycloalkyl, -O-atanyl, -Oaryl, -O-aiafcyl. -O-aralkoxyalkyl, -O-alkylsuMonyl, -Oarylsulfenyl. chlo- 
rine, bromine or fcxfine; 

$o R 3 hydrogen; 

R 4 isaryl; 

R 5 is alkyl, cydoalkyl, aryl. alkoxyalkyi or hydroxyalkyl; 
and C* is an asymmetric carbon atom. 

[0002] The compounds of formula 1 are new and can be used as china! build ng blocks in the preparation of renin 
inhibitors espedally disubstituted renin inhibitors as disclosed in WO S7/D931 1 e.g.1-[2^-[(3R,4R)^K-[3^ 
benzylaxyj-propoxyfrhertyq^^ and (3R,4R)-4- 

40 [4-[3-(2-metr^-bertzyl^^^ £,3,4-tetrahydro^ir^^ The syntheses of 

optically active renin inhibitors via conventional resolution of racemates as disclosed in WO 97/0931 1 results in a con- 
siderable toss of product The present invention provides a process avoiding the disadvantages of the above process. 
[0003] According to the present invention the compounds of formula 1 above or salts thereof csn be prepared by a 
process characterised in that it comprises 

45 

a) hydroboration of a compound of the formula 2 



50 



6$ 
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2 



15 in which formula 

R 1 . R 2 and A are defined as above; 

b) optionally followed by isolation of the desired stereoisomer. 

20 [0004] The term "alkyT means alone or in combination a branched or unbranched alkyi group containing 1 to 8 carbon 
atoms, preferred 1 to 6 carbon atoms. Examples for branched or unbranched C^-C$ alky) groups are methyl, ethyl, pro- 
pyl, isopropyt, butyl, isobutyl, ten-butyl, the isomeric pentyfe* the isomeric hexyls, the isomeric heptyte, the isomeric 
octyte and preferred ethyl, n-propyl, and isopropyl and particularly preferred methyl. 

[0005] The term "cydoaJkyT means alone or in combination a cycJoalkyl cycle with 3 to 8 carbon atoms and preferred 
2$ a cydoaDcyl cycle with 3 to 6 carbon atoms. Examples for C3-G3 cycJoalkyl are cydoprcpyl, methyl-cyclopropyl dime- 
thyl-cyclopVopyl. cyclobutyl, methyl-cydcbutyl. cydopentyl. methyl-cydoperttyl, cyclohexyl, methyl-cydohexyl. dimethyl- 
cydohexyl and cycloheptyl. 

[0006] The term "alkenyT means alone or in combination alkenyl groups of 2 to 8 carbon atoms. Examples of atkenyl 
groups include vinyl, adyt. isopropenyl, pemenyl, hexenyf, heptenyl. cydopropenyl, cyclobutenyi, cydopentenyl, 

30 cyclobexenyl, 1-propenyl, 2-butenyl. 2-ethyt-2-butertyt, and the like. Preferred is aHyl. 

[0007] The term "aryT means alone or in corrfcination a phenyl or a napbthyt group which can be substituted by one 
or several substituents chosen from alkyi, cydoalkyl, altoxy. halogen, carboxy, alkoxycarbonyl. hydroxy, amino, nrtro, tri- 
fluoromethyi and the ilka Example of aryt substituents are phenyl, tolyl. methoxyphenyl, fluorophenyi. chloropbenyt, 
hydroxyphenyl, trifliioromethylphenyl, 1-raphthyl and 2-naphthyl. 

$5 [0008] The term "arylene" means alone or in combination a phenyiene or a naphthylene group which can be adcfition- 
aly substituted by one or several substituents chosen from alkyi, halogen, nitro. cydoalkyl, alkoxy, hydroxy, amino, pref- 
erably alky), halogen and n'rtro. Examples for arylene are ortho-phenylene, meta-phenylene. para-phenylene, the 
tolyl en es, methoxyphenytenes, ftuorophenylenes, chforophenylenes and naphthyienes. Preferred are phenyiene, 
wherein the substituents of the phenyiene which are defined by formula 1 are placed ortho. meta or preferred para to 

40 one another and wherein one or severe) additional substituents chosen from alkyi, halogen and nitro can be present at 
the arylene cycJus. Especially preferred substituents are methyl, chbro and nrtra Particularly preferred is unsubso'tuted 
phenyiene and especially unsubstituted para phenyiene. 

[0009] The term "alkoxy" means alone or in combination the group -O-alkyl. wherein alkyi is defined as before. Exam- 
ples are ethoxy, n-propytoxy. and iso-propylcxy. Preferred is methoxy 
45 [001 0] The term "altoxyalkyt" means alone or in corrtoination an alkyi group, wherein a hydrogen is substituted by an 
aJKoxy group. Examples are methoxymethyi, ethoxymethyl and 2-methoxyethyl. Particular preferred is methoxymethyl. 
[0011] The term "aralkyl" means atone or in combination an alkyi group, wherein a hydrogen is substituted by an aryl 
group. A preferred example is benzyl. 

[0012] The term "hydroxyalkyl" means alone or in combination an alkyi group, wherein a hydrogen is substituted by 
$0 an hydroxy group. Examples are hydroxymethyt, 1-hydrcwyethyl and 2-hydroxyethyl. Preferred is hydroxymethyl. 
[0013] The term "aralkoxyalkyr means alone or in combination an alkyi group, wherein a hydrogen is substituted by 
analkoxy group in which a hydrogen is substituted by an aryl group. A preferred example for ami toxyalkyt fe 3-(2-meth- 
oxy-ben^yloxy>prowl. 

[0014] The term "aikylsutfonyT means alone or in combination a suKonyl group which Is substituted by an alkyi group. 
The alkyi group can be substituted by halogen. Preferred examples are methyteulfonyi and trifluoromethyteulfonyl. 
[0016] The term "arylsLilfonyr means alone or in combination a sulfonyl group which is substituted by an aryl group. 
Preferred is the tosyl group. 

[0016] The term "salts" means compounds which are formed by reaction of compounds of formula 1 with inorganic 
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ackis such a8 hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and tha tike, and organic 
adds such as acetic acid, propionic acid, glyeofic add r pyruvic acid, oxalic acid, malic acid, malonic add, sucdroc acid, 
maleic add, fumaric acid, tartaric add. citric add, benzoic add, dnnamic add. mandelic add, methanesuteic add, 
ethanesuHonic acid, p-toluenesdfonic add. salicylic add, and the lite. The term salts includes solvates and particularly 
s hydrates of such salts. 

[0017] The term "halogen" means fluorine, chlorine, bromine, iodine and preferably chlorine and bromine. Most pre- 
ferred is chlorine. 

[0018] The term "anion" means an atom, a group of atoms or a molecule with negative charge. This charge can be a 
single or a multiple charge. Examples of anions are the halogen anions, S0 4 2 \ PO4 3 ". Particularly preferred is the Cl- 
10 anion. 

[0019] The term "asymmetric carbon atom (C*)" means a carbon atom with four different substtuents. According to 
the Cahn-lng^-P»Blog<5onveritiori the asymmetric carbon atom can be of the "FT or "5" configuration. A preferred 
example for an asymmetric carbon atom is shown in the formula 



20 



25 




OCH 2 Ph 



30 wherein the asymmetric carbon atom C* is of the R configuration. 

[0020] The term "-O-" in groups such as -O-alkyJ, -O-cydoalkyl, -O-aJkenyl, -O-aryt, -O-benzyi, -O-araltoxyalkyl, -O- 
alkyteuffonyl. -O-arytsulfonyl. means an oxygen with a free valence. For example O-alkyl means alkoxy and -O- 
cydoalkyj means cydoalkoxy. 

[0021] In a preferred aspect, the invention is concerned with the preparation of compounds of the formula i. wherein 

$$ R 5 is alkyl or cydoalkyl and R 1 , R 2 and A are defined as above. 

[0022] Ateo preferred te the process according to the present invention, wherein R 4 is unsubstituted phenyl or substi- 
tuted phenyl and, wherein the substituents of phenyl are one or several chosen from alkyl, halogen or nitro, preferably 
methyl or chlora In a particularly preferred embodiment of the above process R 4 is unsubstituted phenyl and R 1 , 
and A are defined as above and particularly, wherein R 5 is alkyl, preferably methyl. 

40 [0023] Particularly preferred is the process, wherein R 4 is phenyl. R 5 is methyl and R 1 , R* end A are defined as above. 
[0024] Ateo preferred is the process of the present invention, wherein A is substituted or unsubstituted ortho, meta or 
para phenyiene wherein the substituents of the phenyl ene which are defined by formula 1 are placed ortho. meta or 
para to one another. The para position is preferred. The substituted phenyiene has one or several additional substitu- 
ents chosen from alkyl, halogene and nitro. Particularly preferred is the above process, wherein A is unsubstituted phe- 

45 nyiene and especially unsubstituted para phenyiene. 

[0025] Preferred is also the process of the present invention, wherein R 2 is -O-alkyl, -O-cydoalkyl, -Oaryl. -0-ben*yl 
or -O-aralkyl, Particularly preferred is O-benzyl and -Omethyl. Most preferred is O-benzyl. 
[0026] Also preferred is the above process, wherein the hydroboraijon is effected as anyone of the hydroboration reac- 
tions which are known in the art such as achiral or chiral hydroboration reagents. Preferred examples of such com- 

so pounds are NaBH^Fg • EtgO. BH3-THF, 8H 3 <^ethytsu)fide complex, BHj-trietnyl amine complex. 9- 
borabicycto(3.3.l)-nonane and isopinocanpheyWDorane or a chemical equivalent of anyone of the mentioned com- 
pounds. Particularly preferred »s the above process, wherein a compound of the formula 2 is reacted with NaBfyBFg • 
EtgO, BH3-THF or isopinocampheyl borane. Most preferred are NaBfrtyBFs • Et^O and isopinocampheyl borane. 
[0027] Compounds of the formula 2 and their salts are new and ateo part of the present invention. 

65 [0028] The preparation of compounds of formula 2 comprises reaction of compounds of formula 3 or 4 
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10 



OH 



15 



A 



20 



4 



with compounds of the formula R 1 -NH2 or a salt thereof, wherein R\ R 2 and A are defined as before. Particularly pre- 
ferred is the preparation of compounds of formula 2 which comprises reaction of compounds of formula 3 or 4 in the 
25 presence of formaldehyde or a chemical equivalent thereof. 

[0029] Another preferred aspect of the present invention is the isolation of the desired stereoisomer of a compound 
of formula 1 by crystallisation of a salt thereof. Particularly preferred is the crystalBsation of a chloride of a compound 
of the formula 1. 

[0030] Moreover, a preferred aspect of the present invention is the above process followed by a reaction with hydro- 
s' gen. Particularly preferred is the reaction of a compound of the formula 1 or a salt thereof, particularly the desired ster- 
eoisomer of a conpound of the formula 1 or a salt thereof with hydrogen and especially in the presence of a catalyst 
such as palladium on carbon. 

[0031] Another preferred aspect of the present invention is the transformation of (3 R, 4 R)~4-(4-benzy1 oxy-ph erryl ) - 1 • 
((R)-1i)henyl-ethy0i>ipeiicfirh3^ hydrochloride to 1 ^-[7-|(3R,4R)^4'[3^methQxy-b^ 
x piperitfn^ylQxymetrr/1^ characterised in that 

a) (3R,4R)^(4-benzyfoxyiDhenyi>1^ hydrochloride reacts with hydrogen to yield 

(3R,4RHK4-hydraxyi)herry0^iperidin-3^ hydrochloride; 

4Q b) reaction with cfrtert-butyMicarbonate in the presence of a base forms (3R,4R)-3-rrydroxy^(4^ro^i>herry1}- 
piperidin-1 -carboxyl ic-acid-tert-butyiester ; 

c) reaction with 1^<hloroi>ropoxymethyQ~2-rr^ and potassium carbonate yields (3R,4R)-3- 

hyd*oxy^4-p^-metrtoxy-bef^ acid tert-butyiester; 

45 

rj) reaction with 2-ch]orometrr/1-7-(2-trime^ and socfum hydride forms 

(3R,4R)-4^(3-(2-methox^^ 

^meth^>pipei^ne-1^rt)axylic acid tert-butyiester; 

so e) reaction with hydrochloric acid yields (SR,4R)-3-{7-hydro^-rapr^ 
zyloxy)-propoxy]^erryrj-pjper^^ acid tert-butyiester; 

f) reaction with 1 ^2-hydrcocy-etrrylH^ethyl-piperazirie and triphenylphosphine yiekte (3R,4R)-4-[4K3-(2-methoxy- 
ben^loxy^propa*yhphenyl}3^^ 

55 boxyltc acid tert-butyiester; followed by 

g) a reaction with hydrogen chloride. 
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[0032] Also preferred is the tmnsformatlon of (3R,4R)^4^nzy1oxy^r^ 
hydrochloride to (3R,4RHH^<2-rr*trK^-benz^ 
ptpendine characterised in that 

5 a) {3^4RW4~ten*yk^ hydrochloride reacts with hydrogen to yield 
(3R,4R)^4.hydrc^^eriy0i3iperfdin-3-ol hydrochloride; 

b) reaction with di-ten-butykf carbonate in the presence of a base forms (3R.4R)^rr)drc«y^4-r^roxy^henyO- 
piperidin- 1 -<»Jtc^ic-ac^'tert^>4ylester; 

10 

c) reaction with H3^oroi>rojx>xyrnetr^ and potassium carbonate yields (3R,4R)-3- 
rr/droxy^[4-[3K2^etrtoxy-b^ acid tert-butytester: 

d) reaction with 7^omomethy)-quinoline hydrctaornide and socfium hydride to yield (3R,4R}-4-[4*t3-(2-methoxy- 
15 ben2ylo^)^opoxytoheny^ -carboxyfic acid tert-butyiester; 

e) reaction with sodium borohydride yields (3R,4R)^4H3^2-metho^ 
rar^rc^riolin-7-ylmeth^ acid tert-butyl ester; followed by 

zo f) a reaction with hydrochloric ackt 

[0033] Compounds of the formula 1 and their salts are new and also part of the present invention: 



R 1 



$0 




1 



R 1 , R 2 and A are defined as above. A preferred compound is (3R,4R)^4-benzyioxy^err^ 
pipendin-3-ol and salts thereof. 

[0034] Compounds of the formula 2 and their salts are new and also part of the present invention: 

40 

R 1 

Q 

A 
li 

» R 

2 



ss R 1 , R 2 and A are defined as above. Particularly preferred is (R)^4^nzytaxyi*eny0-H1-pheriyl-eihyt)-i^.3,6-tet- 
rahydro-pyridine and salts thereof. 

[0035] Furthermore, compounds of the formula 5 and their salts are new and a part of the present invention: 
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wherein R 1 and A are defined as above and R 6 is alkyl, cydoalkyl, alkenyl, aryl, aralkyl, aialtaxyalkyl, alkyisurtonyi or 
20 arytsuHortyl. Particularly preferred fe (R)^4-bert2yicwy-prienyf>1 -(1 ^^-Q^h/^^k^A^ and salts thereof. 
[0036] The invention also relates to Hie use of a compound of formula 1 in the preparation of renin inhibitors, prefer- 
ably l42-f7^(3R.4R)^[4^2Hiie^ 

etriyq-4-methyt^perazine and (SR*R)^M3<2-methoxy-ba^ .a^.^tetrahydroquinofin- 
7^rTie1hoxy)'P<P« ri cfi n ^ wherein R 1 , R? and A are defined as described before. 
25 [0037] Furthermore* the invention ateo relates to corrpounds as obtained by the above process. 
[0038] In more detail, the process of the invention may be described as follows: 
Hydroboration of a compound of formula 2 and optionally isolation of the desired stereoisomer: 



35 



R 1 



A 
R a 



A 

u 

R 



40 



45 



50 



55 



R HX 



OH 



A 
R 



wherai n R 1 , R 8 , A are defined as before and X is an anion, preferably Ck 

[0039] A compound ol the formula 2 can be reacted with compounds which are known for use in hydroboration reac- 
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tions and especially with chiraJ or achiral hydroborafion reagents using inert solvents. Examples for such reagents are 
BH$-THR BH^inriethyteulfide complex, BH r triemylamine complex and 9-borabicyclo(3.3.1>nonane or a chemical 
equivalent of anyone of the mentioned compounds. Preferred are isopinocarrpheyfobrane and particularly preferred is 
NaBH 4 /Bf : 3 • Et 2 0. Also included are chemical equivalents of anyone of these compounds. Inert solvents taken alone 

5 or m combination can be used, particularly, solvents which are known for their utilisation in hydroboration reactions. 
Examples of such solvents are linear or cyclic ethers such as dimethyl ether, diethylether, tetohydrofumn, dtaane, 
rwnogryme, cCglyme and mixtures of any of these solvents. A preferred solvent is dirnelhoxyethane. 

10040] A temperature range of from about -20°C to the boiGng point of the solvent is suitable for the reaction of the 
present invention. The preferred temperature range is between about -20*0 to about 20°C preferably from about 0°C to 
10 about 5°C. 

[0041] The above reaction is followed by an oxidative work-up under basic conditions including addition of a base 
such as NaOH and an oxidising agent for example perborate or preferably MgOg. 

[0042] The temperature range for the addition of the base and the oxidising agent is from about -20°C to the boiling 
point of the solvent A preferred temperature range for the addition of the base is from about 0°C to about 1Q°Cand 
is especially from about 5*0 to about 1 0°C. the reaction mixture is treated with the oxidising agent preferably at tempera- 
tures ranging from about 20°0 to about 60°C and particularly from 30-50*0. However, lower or higher temperatures 
may be used. 

[0043] According to the above process compounds of formula 1 are formed as a mixture of stereoisomers and par- 
ticularly as a mixture of diastereomers or only one of the diastereomers is formed. In a preferred aspect one of the dias- 
20 tereomers Is formed preferably. 

[0044] In a preferred embodiment of the invention (R)^4-benzyloxy-pheny1)-1 -(1 -phenyl-ethyl)-1 ,2,3.6-tetrahydro- 
pyridine yields a mixture of (3R,4R)^4-benzylGxy^he^ and (3S,4S>4-(4-ben- 

zytaKyi>henyt)-l^ and particularly wherein the products are formed in a ratio of about 

3:1. 

6 [0045] Optionally the desired cfiastereomer can be isolated by methods known in the aft such as crystallisation, chro- 
matography or distillation. These methods also include the formation of salts or derivatives of compounds of the formula 
1 and in a second step the separation of these salts or derivatives by crystallisation, chromatography or distillation etc. 
These methods, especially methods for the separation of diastereoismers are well known in the art and are for example 
described in Houben-Weyl, Methods of Organic Chemistry. 

$o [0046] A preferred method of isolation is the crystallisation of the salts of compounds 1 . Especially preferred acids 
which can be used for fie formation of salts of compounds of the formula 1 are for example hydrohalic adds, preferably 
Ha. 

[0047] Preferred solvents which can be used for the crystallisation of compounds of formula 1 and particularly of salts 
of compounds of formula 1 are protic or aprotic solvents which do not react with compounds of formula 1 . Especially 

35 preferred are ethanoi, methanol or their mixtures with pentane or hexane. 

[0048] One preferred embodiment of the isolation of the desired stereoisomer is the crystallisation of hydrochlorides 
of compounds of formula 1 in solvents such as ethanoi or isopropand and particularly in methanol, 
[0049] After isolation the desired stereoisomer, especially cfiastereomer, can be reacted with hydrogen especially in 
the presence of a catalyst such as palladium on carbon or any other catalyst which might be suitable in the hydrogeno- 

40 lytic removal of groups such as benzyl. Preferred solvents for this reaction are for examples alcohols, water or acetic 
acid taken alone or in combination. Particularly preferred is the mixture of methanol and water. Then the obtained com- 
pound can be transformed by the reaction with di-tert-butyW'rarbonate, preferably in the presence of a base such as 
triethylamine. A preferred solvent for this reaction is for example methanol. Moreover, this compound can be used in the 
preparation of renin inhibitors as disclosed in WO 97/0931 1 . In general, this preparation can be performed as follows: 

45 The selective functionaDzation of the phenolic function can be performed with alkylatfon reactions using aliphatic or 
benzyl's chlorides, bromides, iodides, tosylates or mesylates in the presence of a base like potassium carbonate in sol- 
vents such as an ether like tetrahydrofuran, dimethytformamide, dimethytsulfoxide, acetone, methyt-ethyl-ketone, or 
pyridine at temperatures between 0*C and 140*0. The alkylating agents used can either contain the whole chain 
desired or optionally suitably protected functional groups which allow further structural modifications at a later stage of 

so the synthesis Functionalizatlon at the secondary hydroxy function of the piperidine ring can then be performed in sol- 
vents as ethers lite tetrahydrofuran or 1 ,2<timettaxyethane r or in dimetrr/tformamide or cfimethySsutfoxide in the pres- 
ence of a base like sodium hydride or potassium tert-butoxide and a suitable alkylating agent, preferentially an aryl 
methyl chloride, bromide, mesylate or tosylate at temperatures between 0°C and 40°Q The alkylating agents used can 
either contain the whole substituent desired or optionally suitably protected functional groups which allow further struc- 

$$ turaJ modifications at a later stage of the synthesis. Further structural variations can comprise removal of protective 
functions followed by functfonaRzations of the liberated functional groups, e,g. ethenfication of a phenolic moiety. But 
also reduction of e.g. a quinoGne unit to a tetrahydroquinoline unit by ag. sodium borohydride. nickel chloride in solvents 
like methanol or ethanoi. Final removal of the Boc-protectrve group can be performed in the presence of acids such as 
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hydrochloric, hydrobromfc, sulfuric, phosphoric, trifluoroacetic acid in a variety of solvents such as alcohols and alco- 
hovWater mixtures, ethers and chlorinated hydrocarbons. The Boc-protective group can also be removed with anhy- 
drous zinc bromide in inert solvents such as cfichlofomethane. 

[0050] The preparation of the start compounds of formula 2 can be represented by the following scheme: 



TO 
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In detail, a compound of formula 2 can be obtained by the reaction of compound 5 with an acid, e.g. oxalic acid in an 
so inert solvent wherein compounds 5 are formed by reacting a compound of the formula 7 in an inert solvent with butyl* 
lithium or a Grignard reagent to form an organometalta intermediate which is reacted with a compound of the formula 
8. The preparation of compound 7 can be performed by reacting a compound of the formula 6 with a compound of the 
forrmjiaR^HaJintrie 

alkenyl. aryi, aralkyl, araltaxyalkyi, alkyteulfonyl or arytsulfonyl. Compound 8 is obtainable tor example by the reaction 
35 of R 1 -NH2wrth 1-etfiyl-i-methyM-o^ 1 -Ethyt-1 -methyl -4-cxo-piperidinium 

iodide is obtainable by the reaction of l-ethyl-4-^peridone with methyl iocfide in an inert solvent 
or 

[0051 J Alternatively, a compound of formula 2 can be obtained by the reaction of an ammonium salt R 1 -NH3+X- with 
formaldehyde and compound 3 which can be obtained e.g. by a Wrtbg reaction of the appropriate phosphorane with 
40 compound 9 in an inert solvent 



45 




50 

or 

[0052] Alternatively, a compound 2 can be prepared by the reaction of an ammonium salt of the formula R 1 -NH 3 +X- 
wrth formaldehyde and with a compound of the formula 4. Compound 4 is formed by the reaction of an organometaJfic 
compound containing a methyl group attached to the metal as In methylmagnesium bromide or methyllithium with com- 
so pound 9. whfle compound 4, wherein FS 2 means chlorine, bromine or iodine can be prepared via oxidation of a 
hafocumene (for example described in US 3954876 or DE 2303751), 
or 
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i$ [0053] Alternatively compounds of formula 2 are obtainable by reacting a salt of the formula R 1 -NH3X with formalde- 
hyde and compound 4, Preferably. R 1 -NH3X is- generated *n the reaction mixture from a compound R 1 -NHg using the 
appropriate amount of a suitable acid HX. Furthermore, compound 4 can be obtained by the reaction of compound 1 1 
with an adequate organometallic compound. Moreover, compound 11 is formed by the reaction of compound 10 with 
R^X In the presence of a base in an inert solvent R 6 Is defined as above. 

20 [0054] The following preparations and examples illustrate preferred embodiments of tine present invention but are not 
intended to limit the scope of the invention. 

Example 1 

2$ (Preparation of product) 

[0055] 

a) Prepflrfrtion gf f3R,4ffl^*^^W-ph^ 

$0 The reaction flask was charged under argon with 60 g (1 62mmol) of (R)-4-(4-beniyloxy-pheny0-1 -(1 -phenyi- 

ethyl)-1,2,3,6-tetrah^^ and 600mL of cGmethoxyethane. After addition of 9.2 g (243mmol) of sodium- 
borohydride the mixture was cooled to 0*C under stirring. Then 45.9 g (323mmoD of borontrifluoride-diethyletherate 
was added during 40 min, where n the temperature was kept at 0-5°C. The reaction mixture was stirred at 5°C for 
additional 2 h and then at room temperature for 165 min. After cooling to 0°C, 350mL of 4 N NaOH was added dur- 

35 ing 1 h, wherein the temperature was kept at 5 - 10*C. Then 60m L of 30% was added at 20*C during 1 h. 
After additional stirring for 20 min the mixture was heated to 4S°C, which caused the temperature to raise tempo- 
rarily to 55°C. After cooling, the temperature was kept at 45°C tor a total of 3h. After stirring overnight at room tem- 
perature the reaction mixture was poured into a mixture of 1 L half-saturated Nad solution and 600ml of ethyl 
acetate. After extraction with ethyl acetate the organic phases were washed with water and dried over Na 2 SC 4 . 

40 After concentration 67.4 g of the diastereomeric mixture of (3R,4R)-4^4-benzytoxy-phenyl)-1 -{(R)-1 -phenyt-ethyl)- 
piperidin-3-ol and (3S,4S)^4H3enzyloxyiJhenyO^ were obtained in a ratio of 3 

:! 

b) Isolation of f3R.4RWA4x*izvtoxy^ 

4$ 25mL of 37% Ha were added over 30 mm to 80mL of ethanol at 5°C. This mixture was added under stirring 

at 15*C during 1 h to a solution of 67.4g of the product mixture obtained by reaction a) in 300ml of ethyl acetate. 
Crystals began to form after addition of 1/3 of the above ethanolic/HCI solution. The mixture was stirred for 4 hat 
0°C and then 1 0OmL of pentane was added and stirring was continued for 1 h at 0*C. The crystals were separated, 
washed with pentane (2 x 50ml) and dried in vacua 61 ^g of crude hydrochlorides of the diastereomeric alcohols 

so was obtained. The hydrochlorides were dissolved at 60*C In 260mL methanol and were crystallised overnight 
under stirring and cooling down to room temperature. The crystals were separated, washed with ethanol (2 x 50mL) 
and pentane (2 x 80mL) and dried in vacuo. 38.3 g of (3R,4R)^4-benzyloxy^er^H(F^ 
rtiin-3-ol-hydrochloride was obtained as white crystals. 

55 



PAGE 12/26 1 RCVD AT 1/30/2008 2:04:47 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-5/37 * DNIS:2735759 1 CSID:202 371 2540 ' DURATION (mm-ss):10«58 



JAN-30-2008 02:08 



SKGF 



202 371 2540 P. 013 



EP 0 979 819 A1 

Examnte2 

(Preparation of product) 
5 [0056] 

a) preparation of fSR ^RM^^Wvtoxv^rtvft-l -«RI1 ^erWl-etftvnK>befidin-3-o{ 

The reaction flask was charged under argon with 4ml of a 0.75 M solution of isopirwampheyl-borane (ipcBHg 
derived from (+)-a-pinene) in THR 1mmol of (R)^4^r^oxyi>herr/J)-H1itfer^ 
10 dine was added and the mixture was stirred for 16 h at 22°C The work-up of the reaction mixture included treat- 
ment with acetatdehyde and alkaline H2O2 and was carried out in analogy to the method described by H.C. Brown 
et al. (d Org. Chem. 1987. 52, 310) for this type of hydroboration. Chromatography of the crude product afforded 
240mg of a mixture of (3R,4F^(*ber^tcxyi*er^^ and (3S.4S)-4-(4-ben- 

zyloxy-pbenyl)-1-((R)-1 ^>henyl-elhyl)-pip»Wn-3-ol in a ratio of 85:15. 

75 

b) Separation of the desired stereoisomer can be performed as described in example 1b). 

a? (Preparation of starting material) 
[00571 

a) Preparation of 4^Qn^xvbromobenzene 

25 200 g (1 . l6moI) of 4-bromophenol was cfissoh/ed in 2.1 L acetone under argon. Then 320 g (2.31 mol) K2CO3 

and 3.465 g (23.1 mmol) Nal were added. The mixture was stirred at room temperature and 292.7 g (2.31 mol) of 
benzyl chloride was added during 1h. Then the mixture was boiled during 48 h. The acetone (ca SODmL) was par- 
tially removed on the rotary evaporator. 1.2 L 10 %aq. Na 2 CX^ was added to the residue. After extraction with ethyl 
acetate (1x1 L +2xS00mL) the organic phase was washed with 1 L of a half-saturated Nad solution. After drying 

so over Na 2 S0 4 and concentrating, the main part of the benzyl chloride was removed. 400 mL of pentane was added 
to the residua. The crystal] nation began during stirring at 0°C. The crystals were separated and washed with 
2x150mL pentane and dried during 2 h at 15 mbar (40C° bath temperature) and 2 h under high vacuum at room 
temperature. 230 g (75 %) 44>en2yloxybiwobenzene was obtained. 

$6 b) Prf^ratioripf 1^y<-1-m ethyM^x^ 

To a solution of 93 g (730mmol) 1-ethyW-piperidone (Aldrich 27950-1) in 730mL acetone 124 g (876mmoi) 
methyl kxfide (Acros 12237) was added during 30 min. The temperature was kept at 25-30°C. The product began 
to precipitate after addition of 1/5 of the methyl iodide. The mixture was stirred for 5h at 22°C and 30 mm at 0 °C. 
The cold suspension was filtered and the product was washed with acetone. 188 g (95 %) 1-ethyM -methyl-4-oxo- 

40 piperidinium iodide was obtained. 

c) Preparation of fm-1-ri-ohenvi-eth^ 

a) Under argon 84.6 g (698mmol) (R>(+)-1-phenyleJhylamine (Merck no. 807031) and 1.4 L ethand were 
mixed A solution of 203 g (l.47mol) I^C0 3 in water was added. The mixture was heated at 80*C under stirring 
4s and a solution of 188 g (698mmo!) 1 -etftyl-1 -metrvI-4-<KO-pipendini um iodide in 700mL water was added during 
1h. The mixture was heated again for I05min uxfer stirring and then ethanol was removed on the rotary evapora- 
tor. 

The residue was extracted with dtahloromethane (1x1-5 L+ 1x1 L). The organic phases were washed with half- 
saturated NaCI solution (2x800mL) and dried whh NasSO* After evaporation of the solvent 144 g crude (R)-1-(1- 

60 phenyVethy0i)iperidir>4-one was obtained. 70rnL 37 % HCi were added at 5°C to 300ml of isopropanoi during 30 
min. The mixture was added during 2 h under stirring at 15*Q°C to a solution of 144 g crude (R)-1-(1-phenyl-ethy0- 
ptperidjn-4-one in 1 0OmL ethytecetate. Crystallisation began after addition of 1/3 of the above mixture. The susperv 
sion was stirred overnight at room temperature and then for 3 h at 0°C. After adding 80mL of pentane the mixture 
was stirred again for 3 hat O'G The product was separated and washed with isopropanoi (3x70mL). After drying 

55 the hydrochloride (188 g) was suspended in 1 L dicWoromethane and 700mL of 10 % Na 2 C03 was added. The 
organic phase was separated and washed with half-saturated NaC! (1x1 L). After drying over MgS0 4 the organic 
phase was concentrated. The residue was dried during 2 h in high vacuum. 1 13 g (P^H1-pherryi^€tryl)-piperidin- 
4-one was obtained. 
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eft Preparation of fRVd^PTgvl™^ 

Under argon 175.2 g (666mmol) 44>emytoxybromc>benzene was dissolved in 1.4 L dry THF (MS 4 A). The 
solution was cooled to -7$°C and a solution of 416mL 1.6 M butyffithium (666mmol) rn hexane was added during 
40 min. After stirrir^ for 1 h a solution of 1 13 g (555mmoJ) (R)-1 -<1 -phenyt-ethyf)-pipK^^ in 4O0mL dry THF 
5 was added during 1 h at -75°C The mixture was stirred for another 1 h and, after heating to room temperature, 
poured into 1.5 L of ice water. The mixture was extracted with 1 1 ethyl acetate. The organic phase was washed 
with 1 L of a half-saturated NaCI solution, dried over Na^SC^ and concentrated. 262 g of (R)^4^enzytoxy-phe- 
nyl)-1 -(1 i?henyl-ethy0-piperidin-4<)l was obtained. 

r* a) Preparation of fRld^Bpnrvloxv^er^^^ 

121.7 g crude (R)^(o-beroyk>xy-phenyl)-l -<1 ^^-ethy1)-p^idirv4-ol was dissolved at 40°C in 1.21 L 
dichloroethane. 59.4 g (471 mmol) oxalic acid (Merck 492) was added. The mixture was boiled for 3 h. while 20mL 
of water was separated. The reaction mixture was washed at room temperature with 1.2 L 10% Na 2 C0 3 , The pre- 
cipitate (52 g) was separated from filtrate A and added to a mixture of 250ml 2 N NaOH and 300ml dichlorometh- 

15 ene. where it was dissolved after stirrir^ 

a half-saturated Nad solution. The obtained precipitate was separated and Dissolved in 200 mL dichloromethane 
and 60ml methanol. The combined organic phases were concentrated after drying over Na^SO* 80 mL ethyl ace- 
tate was added to the residue and stirred for 2 h. The crystals were separated, washed with pemane, and dried. 
36.5 g of (R)^4-benzyloxy-phe^ 

zo The organic phase of the above-mentioned filtrate A was washed with 1 .5 L of a half-saturated NaCI solution. 

After drying the organic phase was concentrated SOmL ethyl acetate and 30ml ether were added to the residue. 
After stirring for 3 h at 0°C the crystals wee separated and then washed with ethytacetate (2x20ml) and perttane 
(SOmL) and dried. 33.0 g of (R)^K4-benzyioxy-phenyi)-i -0 -phenyl-ethyf)-! 2 ,3.e-tetrahydropyridine was obtained, 
fcn total: 33-0 g + 36.5 g - 69.5 g (R)-4-(4-ben2yloxy-phenyl)-1 -(1-phenyl-athyl>1 ^,3,6-tetrahydropyridine (73 

25 % based on (R)-1 -{1 -phenyl-ethyO-p*peridin-^on) was obtained. 

Example 4 

(Preparation of starting material) 

so 

[0058] 

a) Preparation of 2-(4^benzytaxy^)henyf)-propen-2 

At room temperature 29.6 g of methyttriphefwtphosphonium bromide (83mmoI) was suspended in 7SmL of tet- 

s$ rahydrofuran. A solution of 9.2 g of potassium tert-butoxide (82mmol) in 35ml of tetrahydrofvran was added over 
30 min, and the mixture was stirred for 10 min. at room temperature and was then cooled to 0°C. At this tempera- 
ture, a sol utfon of 1 7.0 g of 4-benzytoxyacetophenone (75mmol) in 1 00 ml of tetrahydrofuran was added during 1 .5 
h to the solution of the yfide. Stirring at 0°C was continued for 1 h.then 1 ml of acetic acid was added to the reac- 
ton mixture. The reaction mixture was poured into a mixture of 300mL of saturated aq. sodium bicarbonate, 200 g 

40 of ice and 250ml of ethyl acetate. Then the aqueous phase was extracted with ethyl acetate. The organic phases 
were washed with 200ml of 20% aq. sodium chloride, combined, dried (NajSO^ and evaporated under reduced 
pressure to give 40.5 g of a white solid residue. The residue was suspended in 250mL of hexane. and the mixture 
was stirred overnight at room temperature. The tripenylphosphinoxide was filtered off and washed with hexane. 
The filtrate was evaporated to give 15.3 g of a white solid. In order to remove traces of triphenytphosphine oxide. 

4$ the product was passed through a pad of silica gel using hexane-ethyl acetate 95:5 (750mL) as eluent The com- 
bined fractions containing the desired compound were evaporated. The residue was suspended in 80ml of pen- 
tane, then the product was collected by filtration, washed with pentane and dried to a constant weight 14.1 g 2-(4- 
benzytoxy-phenyO-propen-2 was obtained. 

60 t>) Preparation o f m>^443er^toxv-ohenvn-1 -n ■ohenvt-ethvl VI .2.3,6-tetrahvdro-Dvridirte 

At room temperature 20.7 g of (R)-1 -phenylethyiamine hydrochloride (131 mmol) was dissolved in 60mL of 
water. 22mL of 3S.5 % aqueous formaJdehyde was aided and the mixture was stirred 10 min at room temperature 
and then warmed up to 40*C. At this temperature, a solution of 26.75 g of 2<4^myloxy^enyiHxopen-2 
(1l9mmo0 »n a mixture of 30mL of dioxane and 74mL of dichloromethane was continuously added over 1*25 h. 

55 During and after the addition of the olefin solution, dichloromethane was distHled off. After the removal of dichlo- 
romethane, the reaction mixture was stirred at 70*C overnight. A solution of 9.98g of cone sulphuric acid (99mmoQ 
in 30mL of water was aided during 5 min to the reaction mixture which was then heated to 95-1 00°C and stirred at 
this temperature for 5.5 h. The reaction mixture was slowly poured into a mixture of 250mL of 10 % aq. sodium car- 
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bonate and ice and then extracted with 600mL of dlcWo^omethane. The organic phases were extracted with one 
portion of 600ml of 20 % aq. sodium chloride, combined, dried (NaeSO^ and evaporated under reduced pressure 
to give 64 g crude product as a brown-red oil which partially crystallised. The crude product was dissolved in 
250mL of dichioromethane. 120mL of isopropantf was added and the dichtoromethane as weB as a small part of 
$ the isopropanol was distilled off at reduced pressure (rotary evaporator, bath 45°C). White crystals started to pre- 
cipitate, and the suspension was stirred at 0°C tor 2 h. The crystals were coBected on a filter funnel and washed 
with three portions of 50mL of cold isopropanol and with 60mL of hexane. 29.2 g (66%) (BH^-ben2y1oxy-phenyl)- 
Hl-phenyl-ethyl)-1 ^3,Metrahydn>pyricine was obtained after drying for 2 h at 16 mbar/50°C and for 2 h at 0.2 
mbar/22oa 

10 

(Preparation of starting material) 
15 [0059] 

Preparation of 244*>mMow*b^)™mn'2<\ 
The reaction flask was charged under argon with 3.45 g of magnesium (142mmol). A solution of 21.16 g of 
methyl Iodide (1 47mmol) in 1 20ml of tert-butyl-methyl-ether was added during 45 mm at 45 °C under stinri ng. Then 

so stirring was continued for 1 h at 45 °C and then a solution of 27.12 g of 4-benzyloxyacetophenone (120mmol) in 
100mL of tetrahydrofuran was added during 45 min, while a temperature of 45°C was again maintained. Stirring at 
45 °C was continued tor 1.5 h. After cooling to room temperature, the white suspension was poured into a mixture 
of 100mL of 10% aqueous ammonium chloride and of ice and extracted with 150mL of ethyl acetate. The aqueous 
phase was separated and extracted with 100mL of ethyl acetate. The organic phase was washed with l20mL of 

25 20% aq. sodium chloride, combined, dried (MgSOj) and evaporated under reduced pressure to give 29.9 g of 
crude product as an oil which partially crystallised. The crude product was taken up in 30mL of dicWcromethane. 
The solution was concentrated at the rotary evaporator almost to dryness. Then 6mL of ethyl acetate was added 
followed by gradual addition of a total of 180mL of hexane. The suspension was then kept at 0°Cfor 30 min. The 
crystals were collected and washed with coW hexane. After drying for 2h at 16 mbar/45*C 26.7 g (92%) 2-{4-ben- 

30 zytaxy-phenyl>propan-2-ol was obtained. 

b) E gtfapation of (RW^fteniylvaY-^^ 

At room temperature 6.94 g of (R)-1 -phenyl ethyiamine hydrochloride (44mmo0 was dissolved in 24mL of 
water. 8.0 g of 36.5 % aqueous formaldehyde (Z92 g HCHO, 97mmoO was added and the mixture was stirred for 

3S 10 min. Then, a solution of 9.68 g of 2-(4-benzyloxy-phenyI)-propan-2-ol (40mmol) in 10mL of <f oxane was added. 
The reaction mixture was heated to 70°C and stirred overnight at this temperature. A solution of i .72 g of cone, sul- 
phuric acid (17.6mmol) in 8mL of water was added to the reaction mixture within 5 min. Then the mixture was 
heated to 1 00 °C and stirred at this temperature for 7 h. The reaction mixture was slowly poured into a mixture of 
150ml of 10% aq. sodium carbonate and 50 g of ice and extracted with 450mL of dichioromethane. The organic 

40 phases were extracted with 1 50mL of water, combined, dried (NajSO^ and evaporated under reduced pressure to 
give 1 8. 1 g crude product as a orange-red oil which partially crystallised. 

The crude product was dissolved hi 60mL of dichioromethane. 80mL of isopropanol was added and the dichio- 
romethane as well as a small part of the isopropanol was distilled off at 400 mbar (rotary evaporator, bath 55*C). 
Whae crystals precipitated, and the suspension was stirred 1 h at room temperature and additionally 1 hat5°C. 

45 The crystals were collected and washed with 2 portk^ 

The product was then dried for 2 h at 16 mbar/40°C and for 3 h at 0.2 mbar/22*C. 9.1 g (61%) of (R)-4-(4-benzy- 
toxy-phenyl) -1 -(1 -ph enyi-ethyl)- 1 ^ t 3 ( 6-tetrahydn>i)yridlne was obtained. 

c) Preparation of mH-phenyWamin to&fifllg^ 

so At room temperature 122 g of {R)-1 -phenyl ethyiamine (LOmol) was dissolved in 30ml of isopropanol. The 

solution was stirred and cooled to 0°C Then, a previously prepared solution of 1 0OrnL of 37 % hydrochloric acid 
(1 18 g. 1 .2moJ) in 320mL of isopropanol was added during 1 h. The solution was stirred at 0 *C for an additional 40 
min r and then it was concentrated on a rotary evaporator (16 mbar. bath 45*C) to a volume of 300ml_ The translu- 
cent gel which had formed was transferred Into a 1 .5 1 flask, then, under stirring, 250mL tert-butyl-methyl-ether was 

66 slowly added. Crystals started to form and the suspension was stirred at 0*C for 3 h. The product was collected by 
filtration, washed with lOOmL of tert-butyl-methyl-ether and dried at 30*C/16 mbar for 4 hours. 133 g (84 %) of 1- 
phenylethylamine hydrochloride was obtained. 
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(Preparation of starting material) 
C [0060] 

a) Preparation of mPttrv<-4-benzvtoxvbenzoaTe 

To a solution of 15.2 g of methyM-hydroxybenzoata (lOOmmol) in 125mL of N,N<fimethylformaiTtide was 
added under stirring 33.13 g of potassium carbonate (240mmoD. Then 17.45 g of benzyl bromide (102mmol) was 

10 added within 5 min. The mixture was stirred at 25°C using a water bath- The reaction was complete after 3h. The 
reaction mixture was poured into a mixture of 180 g of ice and 200ml of ethyl acetate. After extraction, the aqueous 
phase was separated and extracted with three portions of 80 mL of ethyl acetate. The organic phase was washed 
with two portions of 1 50mL of water, combined, dried (MgSO^ and partially concentrated to give a thick suspen- 
sion. 60mL of pentane was added and the suspension was stirred during 2 h at room temperature. The crystalline 

is methyl 4*eroyloxybenzoate was collected on a filter, washed with pentane and dried. 

b) Preparation of 2^4^nzvlQXV-phenyn-[yooa^g^ 

Under argon 6.63 g of magnesium (273mmol) was suspended in 15ml of tert-butyi methyl ether, A solution of 
38.68 g of methyl iodide (273mmol) in 14SmL of tert-butyt methyl ether was added during 45 min under stirring 

20 while maintaining the temperature at 40°C. Then stirring was continued at 40°C for 1.5 h and then the mixture was 
cooled to room temperature. A solution of 30.0 g of methyl 4-benzyloxybenzoate (I24mmo0 in 120ml of tetrahy- 
drofuran was then added duing 1 h. The temperature was kept at 20°C. After complete addition, the reaction mix- 
ture was heated to 42°C and stirred 3 h at this temperature. After cooling to room temperature, the reaction mixture 
was poured into a mixture of 300ml of 1 0 % aqueous ammonium chloride and 100 got ice and extracted with ethyl 

zs acetate. The organic phases were washed with water and saturated aqueous sodium bicarbonate, combined, dried 
and evaporated to give the crude product as an oil which partially crystallised. The product was dissolved at £S°C 
in diethyl ether. When crystals started to separate the solution was cooled to 1 8°C After 30 min hexane was added. 
The suspension was then stirred for 1 h at 5X. The crystalline 2^44>en2ytQxy^nyf)ixopan~2-d was collected 
on a filter and washed with hexane. 

30 

c) Preparation of fRV4^44>en*v^H3h8n^^ 

At room temperature, the reaction flask was charged with 10-66 g of (R)-1^enylethylamine (88mmoT) and 
40mL of water. Under stirring, the pH of the mixture was adjusted to a value of 4.1 by slow addition of aqueous 
hydrochloric acid. Then 16.0 g of 36 5% aqueous formaldehyde (5.84 g HCHO, 194rnmoJ) was added and the mix- 
as ture was stirred for 10 min. A solution of 19.38 g of 2^4-benzytoxy-pberrYl)^ (80mmo» in 20ml of diox- 
ane) was then added. The reaction mixture was heated to 70°C and stirred overnight at this temperature. A solution 
of 3,44 g of cone, sulphuric add (3Smmol) in 1 6ml of water was added during 5 min. to the reaction mixture which 
was then heated to 1 00°C and stirred at this temperature for 7 h. The reaction mixture was slowly poured into a 
mixture of 300ml of 1 0% aq. sodium carbonate and 100 g of fce and extracted with dtehtoromethane. The organic 
40 phases were extracted with water, combined, dried and evaporated to an orange-red oil which partially crystallised. 
The crude product was Dissolved in i20mL of dichforomethane. 160mL of isopropanol was added and the cfichlo- 
romethane as well as a part ot the isopropanol was disced off at 400 mbar (rotary evaporator, bath 55 *C). White 
crystals precipitated. The crystals were collected on a filter funnel and washed with isopropanol and then with hex- 
ane. The obtained (R)-4-{4-benzytoxy-phenyl)-1 -(1 -phenyl-ethyl>1 ,2 A6-tetrahydrc-pyridine was then dried for 2 h 
45 at 1 6 mbar/40°C and for 3 h at 0.2 mbar/22"C. 

Example^ 

(Preparation of a precursor for renin inhibitors) 
[0061] 

a) Preparation Of (3R.4R)^4- 

The reaction flask was charged under argon wiih 250 mg of 1 0% carbon^TaBadium (Degussa E-101 WD), then 
65 a solution of 5 g (1 1 .8mmoO of (3R.4R)-4K44>enzyloxy-phenyl)^l ^(R)-1^enyl«ethyn-piperidn-3-ol hydrochloride 
in 50mL of methanol and 5mL water was added. After hydogenatfon during 6 h at room temperature and normal 
pressure the catalyst was separated by filtration and washed with methanol The filtrate was concentrated and the 
remaining water was azeotropically removed at the rotary evaporator using toluene (3 x lOOmL). 2.7 g of (3R.4R)- 
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4<44iydroxy-phen^^ hydrochloride was obtained as white crystals. 

M Preparation of ftR.4R)^-hydroxy^4^ 

2.5 g of (3R,4R)4-(4-hydraxy-phenyl)-p^ hydrochtoride was dissolved In 33mL of methanol. Then 

5 ZZ g of triethytarrtine was added and the mixture was cooled to -1 8°C A solution of 2.6 g (1 1 .9mmo0 cfi-tert-butyi- 
cficarbonate in 16ml of methanol was added during 30 min. The reaction mixture was stirred for 1 hat -18*0 and 
than heated slowly to 0*C After stirring tor additional 2 h at0°C lOrrltf water was added and the methanol was 
removed with the rotary evaporator. The residue was dissolved in a mixture of dfchloromethane / water and a solu- 
tion of 1 0% NaHS0 4 was slowly added. After extraction the organic phase was washed with a NaHCOa solution 

10 and with a half-saturated Nad solution. The water phase was extracted twice with dichtoromethane. The crude 
product was obtained after drying (MgSOj and concentrating the organic phases. Then diethyfether was added 
and the product started to crystallise. After acting pentane the mixture was placed in the refrigerator. The next day 
the crystals were separated, washed with pentane and dried into vacuo. 3.1 g of (3ft P 4R)-34Tydroxy-4-(4-hydroxy- 
phenyf)-piperidin-1<art>^ was obtained as white crystals. 

16 

Example 8 

Preparation of 142-T7^3R.4 Rl444-f3-f2-mfi^^ 
[0062] 

a) A solution of 16.50 g (56.24mmof) of (3R.4R)-3-hydrc*y-4K44iydr^ add tert- 
butyt ester in 40ml of drnethyrformamide was treated in succession with 12.68 g (59.06mmol) of 1-(3-ch!oro-pro- 

25 poxymethyi)-2-me1r^xy-benzene (WO 97/0931 1) and 12.44 g (8&99mmol) of potassium carbonate. This mixture 
was stirred at 1 20°C for 26 hours. Subsequently, it was filtered, concentrated to a few milliSfres, poured into 300 ml 
of an ice/Water mixture and extracted three times with 100 ml of methylene chloride each time. The combined 
organic phases were washed once with a small amount of water, dried over magnesium sulphate, evaporated 
under reduced pressure and dried in a high vacuum. The thus-obtained crude product (31 .64 g) was separated on 

30 silica gel using a 99:1 mixture of methylene chloride and methanol as the eluent and yielded 2S.4 g (95.8 % of the- 
ory) (3R,4R)^^roxy-4-{4-[3-(2-me^ add tert- 
butyt ester as a slightly yellow 02; MS: 489 (M+NH4*). 

b) 25.4 g (53.86mmd) of (3R.4R)-3-hydroxy^4-[H2^etto^ 

35 ytic acid tert-butytester and 17.78g (55.06mmol) of 2^loromethy1-7^2-trimethylsj 

lene (WO 97/0931 1} were dissolved in 1 80 ml of dimethytformamide under argon and then 2.49 g (57.09mmoQ of 
sodium hydride dispersion (53% in mineral oil) was added. Subsequently, the mixture was stirred at room temper- 
ature for 5 hours. The reaction mixture was poured onto ice-water, the product was extracted 3 times with methyl- 
ene chloride, the organic phases were washed twice with distilled water, then dried over magnesium sulphate, 

40 filtered and concentrated in a water-jet vacuum. The thus-obtained crude product was chromatogmphed on sEca 
gel with methylene chloride and methanol. There were thus obtained 36.43 g (89.2 % of theory) of <3R.4RM-{4-[3- 
(2-methoxy-benzytoxy)^ 

dine-1-carboxylic acid tert-butylester as a yellowish oil; MS: 759 (M+H) * 

45 c) 36.43 g (48.06mmoO of (3Mfl)-4-[4-p-(2^ethCKy-b^ 

ethoxymethaxyj-raprffi arid tert-butylester was placed in 700 ml of abs. 

methanol at 0°C, then 48 ml (96.1mmol) of hydrochloric acid in methanol (2.0 molar) was added dropwise at 5°C 
max. and thereafter the mixture was warmed to room temperature. After 120 minutes the reaction mixture was 
poured into ice-cold sodium hydrogen carbonate solution and the product was extracted three times with methylene 

50 chloride. The organic phases were washed once with distilled water, then dried over magnesium sulphate, filtered 
and concentrated in a water-jet vacuum. The thus-obtained crude product was chromatogmphed on si fica gel with 
methylene chloride and methanol. There were thus obtained 28.06 g (93 % of theory) (3R,4R^3-(7~hydraxy-naph- 
thalen-27taxymethyi)^4-^ acid tert-butylester 

as a light yellow amorphous solid: MS: 645 (M+NFV). 

55 

d) A mixture of 10,15 g (i6.l7mmo!) of (3R,4R)-3-(7-hydrcxy-r»aphthal^ 

zyloxy)-propCDfy]^enyt]-p^idine-^ -carboxylic acid tert-butylester, 2.80 g (19.42mmof) of l-(2-hydroxy-ethy!)-4- 
methyi-piperazine [J. Pharm. Sri. (1968). 57(3), 384-9] and 5.51 g (21.0lmmo0 of triphenytphosphine weredis- 
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solved in 450 ml of tetrahydrofuran. Then, a solution of 4.75 g (2022mmo0 of dttert-butyl azodtearbcsrytate in 50 
ml of tetrahydrofuran was slowly added to the reaction mixture at 0°C and stirring continued for 2 hours at room 
temperature. The reaction mixture was concentrated in a water-jet vacuum. The thus-obtained crude product was 
chromatographed on silica gel with methylene chloride and methanol. There was thus obtained 9.18 g (75.3 % of 
$ theory) of (3MR)^4-{3<2-methG^^ -yl)-elhoxy]-naprh 
thaIen-2-yJmethoxy]iJiperidine-1 -carboxylfc acid tert-butylester as a colourless o3; MS: 754 (rVWH)\ 

e) A solution of 9.15g (l2-14mmoT) (3R,4R)^4-[3-<2-metrwxy* 

erazin-Vyl)-etrioxyJ-fiaprr^ acid tert-butyl ester in 250 ml of methanol was 

w treated at room temperature with 36.41 ml of a 2.0 M solution of hydrogen chloride in methanol and the mixture was 
stirred at 50°C tor 4 hours. Subsequently the solution was evaporated under reduced pressure and the residue was 
partitioned between 200 ml of saturated sodium carbonate solution and 150 ml of methylene chloride. The aqueous 
phase was again extracted twice with 100 ml of methylene chloride; thereafter the organic phases were combined, 
dried over sodium sulphate and evaporated under reduced pressure. For purification, the crude product was erro- 
rs matographed on silica gel using a 90:10 mixture of methylene chloride and methanol as the eluent There were 
obtained 5.25 g (66 % Of theory) of 1«p-rj.[(3R,4R)-^ 

yloxymctfiyfj-rapm^ as a amorphous, colourless solid; MS: 654 (M*H)+. 

Example 9 

Proration of <m4RV444-B^2-me!hQxv^^ .2.3.4-tetrahvdro^^ 

pjpfltMina 

[0063] 

25 

a) 3.40 g {7.20mmol) of (3R,4R)^^raxy^4iS-(2-metha^^ 

lie acid tertoutylester and 2.18 g (7.20mmol) of 74>romomethyl-quinoline hydrobromide (1 :1) [J* Am Chem. Soc. 
XL 1054(1955)1, were dissolved in 50 ml of absolute dimethyrtorroamide under argon and then 0.83 g (19-0mmol) 
of sodium hydride Aspersion (55% in mineral oil) was added at room temperature in small portions. Subsequently. 

$o the mixture was stirred at room temperature for 16 hours. The reaction mixture was poured onto ice-water, the 
product was extracted 3 times with ethyl acetate, the combined organic phases were washed twice with distilled 
water, then dried over magnesium sulphate, filtered and concentrated. The crude product (52 g. yellow oil) was 
chromatographed on sflica gel with ethyl acetateTtexane 2:1 to yield 3.77 g (85.4 % of theory) of (3R.4R)-4-f/H3- 
(2Hriethaxy4>en2ytax^ -caiboxylic acid tert-butylester as a 

$6 atourtessoil;MS:613(M+H)*- 

b) 3.77 g (6.15mrnol) of (3R.4R)^[4^-(2-methoxy^ 

cfine-1-carbcocyliG add tert-butylester and 0.93 g (3.12mmol) of nickel(H) chloride hexahydrate were dissolved in 50 
rrt of methanol. 0.83 g (24.8mnx>0 of sodium borohydride was added at 0°C in small portions over a period Of 30 

40 minutes. The resulting black suspension was then stirred for 1 hour at 0°C, and 2 hours at room temperature. The 
reaction mixture was slowly poured into a vigorously stirred mixture of 1 50 ml 5% ammonium chloride solution and 
400 ml of ether. After further stirring for 30 minutes, the organic phase was separated. The slightly blue aqueous 
phase was further extracted 5 times with ether. The combined organic phases were washed twice with distilled 
water, then dried over magnesium sulphate, ffflered and concentrated. The crude product (3.2 g, yellow o2) was 

45 chromatographed on sflica gel with ethyl acetate/hexane 1 :1 to yield 2.92 g (76.9 % of theory) of (3R,4R)-4-[4-[3- 
(2-metrK^-beiizylc^ ,2.3.4-tetrar^rcKiuir^ acid 

tert-butyl ester as a colourless oil ; MS: 61 7 (rvW)+ 

C) 2.92 g (4.73mmol) of (3R,4R)^4-pM2-metr^ 

so ylmetftaxy)-pipcrkjine-1 -carboxylk: acid tert-butylester were dissolved in 63 ml of abs. methanol, then 63 ml 
(126mmo0 of hydrochloric acid in methanol (2.0 molar) were added at room temperature. After stirring for 1 50 min- 
utes at 50°C. the reaction mixture was poured into 1 50 ml ice-cold 5% sodium hydrogen carbonate solution and the 
product was extracted five times with 1 00 ml methylene chloride. The combined organic phases were washed twice 
with 50 ml distilled water, dried over magnesium sulphate, filtered and concentrated. The crude product (2.9 g, yel- 

55 low oil) was chromatographed on silica gel with methylene chlorxle/methaJiol/28%^ hydroxide solution 

14:1:0.1 v/v/v to yield 1.90 g (77.7 % of theory) of (3R,4RHl4l3^2-metto^^ 
(1 ,2,3.4-tefrahydro^uino^^ as a slightly yelkw resin: MS: 51 7 (M+H)<\ 
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Claims 

1. A process for the preparation of a compound of formula 1 or a salt thereof 

5 



10 



15 



20 



30 



3S 



40 



45 




characterised in that the process comprises 
a) hydroboiatton of a compound of formula 2 




in which formulae 
A tearylene; 

R* is -O-alkyj, -Ocycloalkyl, -O-alkenyl, -Oeryl, -Oaralkyl -O-amlkoocyalkyf, -O-alkyisuWonyl, -OarylsuKo- 
nyl, chlorine, bromine or iodine; 



R 3 is hydrogen; 
R 4 isaryl; 

so R 5 is alkyl. cydoaPtf. aryl, aBcoxyalkyl or hydrcocyalkyl; and. 

wherein C* is an asymmetric carbon atom; 
b) optionally followed by Isolation of the desired stereoisomer. 

ss 

Z, The process accord ng to daim 1, wherein R 5 is alkyl or cycloalkyl. 

3. The process according to claim 1 or 2, wherein R 4 is phenyl which is optionally substituted by one or more groups 



PAGE 19/26 * RCVD AT 1/30/2008 2:04:47 PM pastern Standard Time] * SVR:USPTO-EFXRF-5/37 ' DNiS:2735759 * CSID:202 371 2540 " DURATION (mm-ss):10-58 



JAN-30-2008 02:11 SKGF 202 371 2540 P. 020 

EP0979819A1 

independently selected from alkyt. halogen or nitra 

4. The process accorolng to any of claims 1 to 3. wherein R* is phenyl and R 5 is methyl. 

6 5- The process according to any of claims 1 to 4. wherein A is phenylene and, wherein phenylene optionally is sid> 
stituted by one to tour additional substituents independently selected from alkyt, halogen or nHro. 

6. The process according to any of claims 1 to 5, wherein R* is -O-benzyl or -O-methyl. 

10 7. The process according to any of claims 1 to 6, wherein a compound of the formula 2 is reacted with 
NaBtij/BF3 • Et 2 0, BH3-THF or iscpinocampheyt borane. 

8. The process according to any of claims 1 to 7, wherein a compound tf fon^ 
comprises reacting a compound of formula 3 or formula 4 

15 

t. 

so R* 

3 



25 



OH 



30 A 

It 

R 
4 

35 

with a conpound of formula R 1 -NH2 or a salt thereof and wherein R\ R 2 and A are defined as in claim 1 . 

9. The process according to any of claims 1 to 8, wherein the desired stereoisomer of a compound of formula 1 isteo- 
40 tated by crystalfisation of a salt thereot 

1a The process according to any of claims 1 to 9 followed by a reaction with hydrogen. 

1 1 . The process according to any of claims 1 to no, wherein a compound of formula 1 is converted to 1 -{2-[7-K3R,4R)- 
45 ^^a-methoxy-benzytoxy)^ 
erazine characterised in that 

a) (3R f 4RW4^n2y!oxy'phenyl)-1-((R)-1 iihenytettwOiaWrt'^-tf hydrochloride reacts with hydrogen to 
^eid (3R,4R)^(4^roxy^enVf)-piperidin^-ol hydrochloride; 

60 

b) reaction with cfi^ertUityklicart>onate in the presence of a base forms (3R,4R)^hydroxy-4-C4-hydroxy-phe- 
nyO-piperidin-1 K^uboxylic-acid-tert-butylester; 

c) reaction with 1 ^^hloro^Kopoxymethyl^^ and potassium carbonate yields (3R,4R)-3- 
65 h^roxy^[4-[3<2^ethaxy-benzylc^ ackJ tert-butyl ester; 

d) reaction with 2<hfoiomemyl-7^rimethytt and sodium hydride forms 
(3R»4R)^4-t3-(2-methoxy^nzyloxy)ijrop^ naphthalan- 
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2-yImetha^-pperkfine-1-<artx)xyiic add tert-butyf ester; 

c) reaction with hydrochloric acid yields (3R,4R)^<7^raxy<ttph^ 
benzytaxy)iyopCKy]i>henyf]i^pertf^ -carboxyfic add tert-butyiester; 

5 

f) reaction with H2-tiydroxy-ethy1)^n^^ and triphenytpbosphine yields (3R t 4R)-4-[4-p<2- 

mettw«y-benrytoxy)iropaxyli^ 

ericflne-l-carboxync add tert-butyiester; followed by 

10 g) a reaction with hydrogen chloride. 

12. The process according to any of claims 1 to 10. wherein a compound of formula 1 is converted to (3ft,4R)-4-[4-[3- 
(2-methaxy4>enzy1oxy}^ characterised in 
that 

15 

a) (3R,4R)^4-benzytaxyitf hydrochloride reacts with hydrogen to 
yield (3R,4R)-4-(4^roxy^enyl)^ hydrochloride; 

b) reaction with di-tert-butyl-dicarbonate In the presence of a base forms (3R P 4R)^riydroxy^(4-hydroxy-phe- 

c) reaction with H3^oroi3ropoxymetr^ and potassium carbonate yields (3R.4RJ-3- 
bydro)y^4-p-(2-mettiQxy-benzylQxy}^ -carbcxyllc acid tertbutylester; 

2$ d) reaction with 7-*fomomethy»-quino)ine hydrobrorrtde and sodium hydride to yield (3R.4R)-4-[4-[3-(2-meth- 

axy-benzyfcxy)i>ropoxyh>r^^ add teri-butylester. 

e) reaction with sodium borohydride yields (3R.4R)^[413^2HTietrx)xy4>enzylco^ 
(1,2,3^tetrahydro<|U^ add tert-butyl ester; followed by 

30 

f) a reaction with hydrochloric add. 

13. A compound according to formula 1 or a salt thereof, wherein R\ R 2 . R 3 . R 4 . R 5 and A are defined as in any of 
claims 1 to 6. 

14. A compound accorcfing to formula 2 or a salt thereof, wherein R 1 f R 2 , ft 3 , R 4 , R 5 and A are defined as in any of 
claims 1 to 6> 

15. Aoornpoundaccorc^toforrriulaSorasaH 

40 



R 1 

I 



45 



SO 




5 



wherein R 1 and A are defined as in any of daims 1 to 6 and R 6 is alkyl. cytf oalkyt. aJkenyl. aryl. aralkyi, aralkoxy- 
alkyl, alkyteulfonyl or arylstffonyl. 
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1G. A compound according to any of claims 13. 14 and 15 selected from: 
(3R.4R)^4^nzylQxyi^^ 
e {R)^(4-benzytaxy-prw^^ 

(R)^(4-benzyioxy^h8nyI)-l -(1 i?heriyI-ethy0l^idin-4^. 
17* The use of a compound according to claim l3inthepreparatkxicrfreninBTh^>rtofS 

10 

18. A compound as obtained by the process accenting to any of claims 1 to 1 0. 
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